Singlet molecular oxygen causes loss of biological activity in plasmid and bacteriophage DNA and induces single-strand breaks.
Damage of plasmid and bacteriophage DNA inflicted by singlet molecular oxygen (1O2) includes loss of the biological activity measured as transforming capacity in E. coli and single-strand break formation. Three different sources of 1O2 were employed: (i) photosensitization with Rose bengal immobilized on a glass plate physically separated from the solution; (ii) thermal decomposition of the water-soluble endoperoxide 3,3'-(1,4-naphthylidene) dipropionate (NDPO2); and (iii) microwave discharge. Loss of transforming activity was documented after exposing bacteriophage M13 DNA to 1O2 generated by photosensitization employing immobilized Rose bengal, and with bacteriophage luminal diameter X174 DNA, using the thermodissociable endoperoxide (NDPO2) as a source of 1O2. These findings are in agreement with experiments in which plasmid DNA pBR322 was exposed to a gas stream of 1O2 generated by microwave discharge. The effects of 1O2 quenchers and of 2H2O indicate 1O2 to be the species responsible. Strand-break formation in pBR322 and luminal diameter X174, measured as an increase of the open circular form at the expense of the closed circular supercoiled form, was observed without alkaline treatment after exposing the DNA to 1O2, using either agarose gel electrophoresis or sucrose gradient separation. The effect of quenchers and 2H2O indicate the involvement of 1O2 in DNA damage. We conclude that singlet oxygen can cause loss of biological activity and DNA strand breakage.